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(57) ABSTRACT 

A mobile telephone with an emergency call capability pro- 
tector monitors a battery power supply circuit with an 
emergency call reserve power detector to determine when 
the power remaining in the battery power supply circuit has 
decreased beneath a pre-selected minimum emergency call 
reserve power level that is greater than the absolute mini- 
mum level detected by a monitor and battery depletion 
detector. A microprocessor operating in accordance with a 
program stored in an emergency call capability program 
memory selectively inhibits, subject to override, the making 
of non-emergency calls and terminates ongoing non- 
emergency calls when said power detector determines that 
the power supply circuit has gone beneath said pre-selected 
minimum emergency call reserve power level. 

16 Claims, 8 Drawing Sheets 
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RESERVE POWER SYSTEM FOR ANY SUMMARY OF THE INVENTION 

BATTERY OPERATED DEVICE In accordance with the present invention the disadvan- 

DAPvponiiKin ra tuc ixrvcKmrw tages of known battery powered devices such as mobile 

BACKGROUND OF THE INVENTION telephones and similar battery dependent devices are over- 

This invention relates generally to battery powered S come by providing a reserve power allocation system, such 

devices and, more specifically, to hand held portable mobile as a mobile telephone and method of operation with an 

telephones with limited battery power supplies that become emergency call capability protector which inhibits the mak; 

depleted during operation of the mobile telephone. ing of non-emergency calls under certain preconditions and 

Portable battery powered devices such as personal mobile ik ° • n ° w » f ? r ^ flmction selection based U P ba,tei y level 

telephones that are manually carried by a person, as opposed 10 usage criteria. 

to a so-called car telephone, are operated on a rechargeable In accordance with the invention, one embodiment of the 
battery power supply that becomes depleted during mobile P resent "ivention is a mobile te epbone havng a battery 
use when not connected to an external source of power such PO^er supply with a total power level that declines during 
as an AC/DC converter. It is known in battery powered opention, a means for performing a send call function, a 
devices such mobile telephones to provide a battery monitor « mean ! for actuatm g ' he ««*> tu^on a means to 
circuit to monitor the level of remaining battery power selectively make both emergency mobile calls and non- 
available for telephone call making operations of the mobile emergency mobile calls while enabled by the power level 
telephone. Ageneral display of the battery power remaining ^.ng above an absolute minimum limit, a means for detect- 
is made available upon actuation of an appropriate function m 8 when u f P° w " IeveI l * ne «* f n emergency 
key. When the battery power supply level has fallen beneath ™ f M J™ 8 level tnat 15 E rea,er thM ? ,he , absolute mm ™ u 5' 
an absolute minimum limit, or depletion level needed to ! e ^ 6 ?'. and a u means fspotisive to the detecting means for 
make or continue an ongoing call, then a special indication "hating the send call function from making non- 
or warning is given of this low power disabled condition. emergency calk when the power level decreases beneath the 
Once this disabled condition is reached it is impossible to emergency call reserve level. 

use the mobile telephone to make any calls whatsoever, 25 In accordance with the invention, one embodiment of the 

including emergency calls. present invention is a mobile telephone having a battery 

It is widely recognized that a very important reason that Power supply with a total power level that declines during 

mobile telephones are widely used is because of the added ^ UoD ' * means Eor detectm * * hen «•» f° w f r ^ vel 

security they provide. The mobile telephones enable the user decr f ase ,^ : beD 1 eatn » emergency call reserve level that is 

i ii c i * j • j £ 30 greater than the absolute minimum level, and a means 

to make emergency calls for police, paramedic and fire ^ & . t . , 4 . e . ' . . . 

fighting services and to make calls to private emergency res P° nsi * e 0 "f * tecun 8 means for indicating the low 

numbem to parents, spouses and other family relations and P°wer situation to the user when the power level decreases 

. r , ... , 1t . . - beneath the emergency call reserve Level, 

to other numbers which one needs to call in the case of ,.„?.., - , . , . 

emergency Accordingly, the invention also provides a method for 

T . _ L . c t . A . . A , . 35 protecting emergency call capability in a mobile telephone 

In the course of creation of the invention, it has been f . u „ i *.v . * i i i *u * 

• • « « « . .„ A ' 4 , having a battery power supply with a total power level that 
considered that because people will often not monitor the j i* j • c _r • j n 
i i r l « i j -ii i * dechnes dunng operation, means for performing a send call 
level of the battery power supply and will also not carry a j. ^. j r *. *i_ j uc 

. . . ; u « i lm . i u u function, and means for actuating the send call function to 

charged replacement battery, known mobile telephones have . 4 . , , , it _ ^ ... „ , 

• u _ • i* • ui c u-i ♦ i u selectively make both emergency mobile calls and non- 
a serious shortcommg. It is possible for a mobUe telephone / * ^ 

user to find themselves in an emergency, including a life or u - w u i . i •* u c *u 

, 4 , . . tU . & * i u • j- being above an absolute minimum limit by performing the 

death emergency, in which their mobile telephone is dis- , r j * _** u *u i % J u *u 

li j l r c 4 i i_ c steps of detectmg when the power level decreases beneath 

abled because of operation of the telephone for non- r \ . t , 4 . 

ii .l ; j i * j l i an emergency call reserve level that is greater than the 

emergency calls that depleted the battery power supply »_ i . • • i i j j- * .u j . *■ 

. V . ■ t i . i ■ -j • j\ 1 absolute minimum level, and responding to the detecting 

beneath the minimum absolute limit required to make any _ t . . 4 tL \ ,, ^ r f , • 

...... ii • -Li r 1.-U 45 means to inhibit the send call function from making non- 
calls, includuig emergency calls. It is possible for a child or n , lU . , , , . 

- j . -Tl e i. m . i i. i i r emergency calls when the power level decreases beneath the 

teenager provided with use of a mobile telephone solely for n 11 

c .,■ lL . 11 * ii c tf emergency call reserve level, 

purposes of enabling them to call or receive calls from home . , r. 

or to place calls to other special emergency numbers, to ^ P rovided f., a m f th ° d f°r P^tectrng emergency call 

deplete the battery during operation of the mobile telephone cn <*Pa°ihty m a mobile telephone having means for actuating 

during non-emergency calls despite instructions to the con- 50 a xaA cal1 fu , nctlon t° make both nonemergency and 

emergency calls, comprising the steps ot distinguishing 

' . J . , , - „ . between an actuation of the send call function to make a 

What is desired, therefore, is a way to allocate a prede- „ «, , . c . u j t * 

. , ' t , . t_ , j • ^ non-emergency call and an actuation of the send function to 

termined reserve power level in a battery operated device .for _ , n j * ** «i * j-*- 

^ t , . . 4 . jL ..j make an emergency call, detecting at least one precondition 

emergency or pre-selected activity use. It is further desired « f . ' « j „ j* * *u 

6 , , 7 K . . , j - , 55 for mhibitmg non-emergency calls, and responding to the 

to enable a more accurate battery level determination and , . t - r;. #u j h a .* c„ 

- . . . - r » . detecting means to inhibit the send call function from 

use of said information for predetermined systems or appa- ^ a non<me cal , jj the at , east one p recondition 

ratus acbvities. has been detected. 

Accordmgly, it is an object of the present invention to 

provide an improved system, method and apparatus for 60 BRIEF DESCRIPTION OF THE DRAWINGS 

monitoring power levels in a battery operated device. The disclosed inventions will be described with reference 

It is also an object of the present invention to utilize the to the accompanying drawings, which show important 
improved battery monitoring levels to allocate certain vary- sample embodiments of the invention and which are in cor- 
ing battery power to predetermined uses. porated in the specifications hereof by reference, wherein: 

It is also an object of the present invention to allow for a 65 FIG. 1 is a functional block diagram of the preferred 

user of a device to allocate the battery power for specific embodiment of the emergency call capability protecting 

functions of the device that the user has chosen. mobile telephone of the present invention; 
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FIG. 2 is a logic flow chart of the preferred embodiment The battery power supply circuit 24 produces DC power 

of the emergency call capability protector program of the at a pre-selected DC voltage level that is distributed to all the 

invention that is stored in the emergency call capability other components via a power supply distribution bus 26. 

protector program memory of the mobile telephone of FIG. The power distribution bus 26 includes bus conductors 

1; 5 printed on one or more circuit boards to which other 

FIG. 3 is a functional block diagram of the preferred components are mounted and other appropriate connectors 

embodiment of battery power supply circuit and the emer- as needed to deliver DC power to the various components, 

gency call reserve power detector of FIG. 1, in which the Connected directly to the battery supply circuit 24 is an 

battery power supply circuit includes one main battery and external power supply disconnection detector 24Afor deter- 

one back-up battery, and detection of decrease beneath the 10 mining when external power supply is removed thereby 

emergency call reserve level is indicated when the reserve , necessitating battery power. 

power is switched into circuit by means of a steering diode; The microcomputer 12 also provides output control sig- 

FIG. 4 is a functional block diagram of another suitable nals to an audio speaker circuit 28, to an alphanumeric 

embodiment of the emergency call reserve power detector display and visual status indicators 30 and to the radio 

and the battery power supply circuit in which the battery 15 transmitter 16. It receives voice and other audio input signals 

power supply circuit includes a series of main and backup from a microphone circuit 20. Further, it receives signals 

batteries that are successively switched into the power from an external power supply disconnection detector 24A. 

providing circuit as power is drawn from the supply and The keypad 14 includes digits and symbols keys 14A, a 

decrease beneath the reserve power level is detected by send function key 14B and preferably an emergency speed 

detecting when a selected one of the backup batteries is 20 dial key 14C. In addition, a special emergency call override 

switched into circuit; key 14D is preferably provided for use only with the mobile 

FIG. 5Ais a functional block diagram of another form of telephone version of this invention. All of these keys are 

the emergency call reserve power detector; connected to inputs of the microcomputer 12. 

FIG. 5B is a logic flow chart of the measurement control 25 Actuation of the digits and symbols keys 14A results in 

circuit which determines when to measure the remaining the corresponding digits and symbols being shown on dis- 

power of the power supply; play 30. When the send function key 14B is actuated the 

FIG. 5C is a logic flow chart of a subprogram employed microcomputer causes the radio transceiver 16 to transmit a 

by the microcomputer block of FIG. 1 which calculates the radio si g Qal with messages encoded to represent the num- 

amount of remaining power; 30 bers and symbols shown on the display 30 at the time of the 

FIG. 6 is a functional block diagram of a further form of actuation of the send function. These messages are sent with 

the emergency call reserve power detector functional block other mt erface messages needed to establish an airwave 

of FIG. 1 in which the decrease beneath the reserve power communication link with the personal mobile communica- 

level is determined by measuring the voltage across the tion sub-network base station within the service territory of 

power supply and comparing it to a pre-selected level to 35 which ^ mobile telc P Done 10 * located, 

provide the microcomputer with a detection signal. Actuation of the emergency speed dial key 14C, on the 

other hand, causes the microcomputer 12 to automatically 

DETAILED DESCRIPTION transmit the appropriate messages to make an emergency 

Referring now to FIG. 1, a battery powered device is ca H to a pre-selected, pre-stored emergency number without 
exemplified in the preferred embodiment of the emergency 40 first requiring actuation of the send function key 14B. 
call capability protecting mobile telephone of the invention Actuation of the emergency call override key 14D is used to 
and is seen to include some conventional elements found in override and confirm override disablement of non- 
known mobile phones. These conventional elements include emergency call capability as explained in more detail with 
a microcomputer 12 that controls the other elements of the reference to FIG. 2. 

mobile telephone 10 to perform all of its operations in 45 The microcomputer 12 includes a conventional micropro- 

response to inputs from a keypad 14, a radio transceiver 16 cessor with suitable interface circuits, or microprocessor 

which transmits and receives signals through air via an 12A interfaced with all the other non-computer components, 

antenna 18, a microphone circuit 20 and a monitor and It is also connected with a data and message memory 12B 

battery depletion detector 22. for storing preset data, emergency and other speed dial 

The monitor and battery depletion detector 22 has at least 50 numbers, message buffers, and a regular usage program 

one input connected to a battery power supply circuit 24. memory 12C. These conventional components perform j 

The battery power supply circuit 24 includes a rechargeable, functions as suggested by their names and are constructed in ; 

' releasably attached battery pack (not shown) including at a manner that is well known by persons of ordinary skill in L 

least one battery cell. Preferably, the monitor and battery the art of mobile telephone design. The microcomputer 12a| 

] depletion detector, or depletion detector 22 monitors the 55 controls substantially all communication and administrative 1 

power level of the battery power supply circuit 24. It mobile telephonic functions of the mobile telephone 10 by \ 

provides a signal to the microcomputer 12 when the power methods well known the present art. 

remaining decreases beneath a pre-selected absolute mini- In accordance with the invention, in addition to the 

mum limit necessary to make, receive or maintain any type conventional components noted above, the call capability 

of mobile calls. In such event, the microcomputer 12 pro- 60 protecting mobile telephone 10 includes novel elements that 

vides a low power supply indication signal to the display- cooperate with the conventional elements and with each 

visual status indicators 30, which responds by disabling the other to obtain the advantages of the invention. In addition 

radio transmitter 16 and other nonessential components from to the emergency call override key 14D mentioned above, 

drawing further power from the battery power supply. This these novel elements include an emergency call reserve 

is done to prevent excessive depletion and possible damage 65 power detector 32 that detects when the remaining power 

to the battery. In this power shutdown condition, no mobile level, or power level, of the battery power supply circuit 24 

calls can be made, received or continued. decreases beneath an emergency all reserve level. Con- 
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nected to said emergency call reserve power detector is a determine if a call has been initiated, preferably by deter- 
external power disconnection detector 24A which indicates mining if the send function key 14B has been activated. If 
when external power has been removed, thereby requiring a call has not been initiated, then the program returns to the 

battery power. In accordance with the invention, the emer- Start, step 36. If a call has been initiated then a determination 

gency call reserve power level is greater than the absolute 5 is made in step 42 as to whether it is an emergency call or 

minimum limit, or depletion level. When the battery power one that was stored as a permitted number to call. If it is an 

level is decreased beneath the depletion level, the mobile emergency call or a pre-assigned permitted low power call 

telephone is disabled from making, receiving or continuing then a call is set up in step 43, whereafter the call is set a 

any mobile telephone calls both emergency and non- return to start 36 is made. During a call the power level is 

emergency calls. Depletion of the battery power supply 1Q monitored to determine whether it has fallen beneath the 

circuit 24 is detected by the monitor and battery depletion absolute depletion level at which all calls, including emer- 

detector22. In accordance with the invention, the function gency ^ mus{ be terminated as will be explained in 

performed by the reserve power detector is achieved by detail Mow If the number is not an emer . 

different means and in different ways depending upon the cal] or a f d , ow call then 

different types of batteries and circuits used to perform the ; u „ "L \> ^ ♦ ♦ ao u • a* • /• 

battery power supply circuit function 24. The£ different « ^ P"*™ proceeds to step 48, wherein a determination is 

embodimentsaredescribedbelowwithreferencetoFIGS.3, BadB . " to whet ^ r an externi ! 1 P° wer "H?* L has J 6 ™ 

4 5A, 5B 5C and 6 attached or not. It an external power supply has been 

' In general, the battery power supply circuit 24 provides c ^nected then a check is made in step 45 if a call is already 

input signals to the emergency call reserve power detector ^ ^ check is made for the first time, the outcome 

32, and the emergency reserve power detector 32, in turn, 20 of the check ^ be " No " aad the cal1 ^ setup in step 46. 

provides signals to the microprocessor 12Afrom which the In ste P 47 a determination is made if the call(s) has/have 

microprocessor determines whether the power has decreased been terminated or if, in addition to the ongoing calls, an 

beneath the emergency call reserve power level. emergency call has been initiated. If so, then a return to the 

The emergency call capability protector of the present start, step 36, is made. Ifnot, the flow continues with step 48. 

invention also includes an emergency call capability pro- 25 If . tne external power supply is still connected, in step 45 it 

tector program memory 34 that contains an emergency call will De determined that the call is already ongoing. The flow 

capability protector subroutine for controlling the micropro- will continue looping through the steps 47, 48, 45, 47, 48, 45 

cessor 12A to automatically inhibit the send call function etc. continuously. If no external power supply was con- 

from making a non-emergency call if a pre -selected precon- nected in the first place, or if a previously connected power 

dition occurs. In keeping with an important aspect of the 30 supply is disconnected, the program will determine that in 

invention, the at least one precondition is the precondition of step 48 and will then continue in step 44. In this step, the 

the power level decreasing beneath the emergency call program determines whether the power level is greater than 

reserve level as determined from the output signals from the the pre-determined reserve power level and by definition 

reserve power detector. This protector subroutine interacts also the depletion level, and if it is, the aforementioned steps 

with the regular usage program memory, and preferably, 35 45-48 are repeated. If in step 47 the call is terminated or an 

both the regular usage program of memory 12C and the emergency call has been initiated the program returns to step 

emergency call capability protector are stored in different 36. 

sections of a single ROM. The emergency call capability If the power level determined in step 44 is not greater than 

protector program preferably operates in accordance with the pre-determined reserve power level, then in step 49 a 

the logic flow chart of FIG. 2. ^ lower power reserve alert is given. If the selection had been 

Briefly, the microprocessor 12A distinguishes between an made in step 50 that a warning only was to be given, then 

actuation of the send call function to make a non-emergency in step 51 a check is made to see if a call is ongoing. If the 

call and an actuation to make an emergency call, and call is ongoing, in step 51 the program returns to start 36 

responds to detection of at least one precondition to auto- with the user now aware of the low power situation and may 

matically inhibit the send call function from making a 45 maintain the call until the power level reaches the depletion 

non-emergency call if the at least one precondition has been level. If the selection had not been made to give a warning 

detected. In the cases of the at least one condition being the only, then the option is given in step 52 to override the power 

power level falling beneath the emergency call reserve reserve feature. If the override option was not chosen in step \ 

power level, the microprocessor 12A responds to the reserve 52, then in step 53 the user is reminded that the call is about^J 

power detector 32 to selectively inhibit the send call func- 50 to be disconnected due to the low power situation and then 

tion from making non-emergency calls when the power level call is then disconnected in step 54 after the predetermined 

decreases beneath the emergency call reserve level. time interval. The user will have the option to determine a 

Referring to FIG. 2, after the start 36 of the emergency time interval between when the user is informed that the call 

call capability protector program memory 34, in step 38 a will be discarded and when it actually is discarded, bearing 

determination is made as to whether the program has entered 55 in mind time limitations to save power. After the call has 

an emergency number storage mode in which the user is been discarded the program returns to start 36. 

enabled to selectively store at least one and preferably a If the override in step 52 is selected, then in step 55 a 

plurality of emergency numbers. If the storage mode has prompt for confirmation is given. If confirmation is given in 

been entered, then a determination is made in step 39 as to step 56, then the program proceeds to step 51 to see if a call 

whether the storage of the emergency numbers is complete. 60 is ongoing. If, in step 52 confirmation is not received, then 

If so, then the storage mode is ended in step 40, and the the program proceeds to step 53 wherein the user is informed 

program returns to step 38 after the emergency number is of the pending call discarding. 

stored in the data-message memory 12B. If not, then the Thus, it is seen that in accordance with the method of the 

program recycles until determination is made in step 38 that invention, the protector program is capable of distinguishing 

the emergency number storage mode is no longer selected. 65 between emergency and non-emergency calls in two differ- 

If the storage mode is no longer selected or ifnot selected ent ways. In the first way, at least one memory location is 

in the first instance, then the program proceeds to step 41 to provided for storing at least one emergency telephone num- 
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ber. The emergency numbers are first entered into the special 
emergency number memory location by the user appropri- 
ately manipulating the digits and symbols keys 14A to 
access the special memory location and to enter the actual 
emergency numbers for relatively permanent storage. 
Afterwards, when a user enters a telephone number into 
temporary storage at a called number memory location and 
actuates the send function key 14B to make a call to the 
intended called number, the microprocessor 12A pursuant to 
the protector program of FIG. 2 compares the "dialed" or 
"called", number with the pre-stored emergency number to 
determine if there is a match. If there is a match, then the 
send call function is enabled to make the emergency call 
regardless of the power level being beneath the emergency 
call reserve power level so long as the power level is above 
the absolute limit, or depletion limit. If there is not a match, 
indicating that the attempted call is not an emergency call, 
then various non-emergency call inhibit functions are per- 
formed as described below if the precondition of the battery 
power level being less than the pre -selected emergency call 
power reserve level is detected. Otherwise, the non- 
emergency call is enabled. 

Preferably, the mobile telephone 10 has an emergency 
speed dial function associated with the emergency speed dial 
key 14C In accordance with the emergency speed dial 
function, pre-stored emergency numbers are automatically 
dialed and transmitted in response to actuation of the emer- 
gency speed dial key 14C, alone, without actuation of the 
send function key. Alternatively, the actuation of the emer- 
gency speed dial key 14C merely causes the associated 
emergency number to be entered into the temporary called 
number memory for transmission in response to actuation of 
the send function key 14B. 

The second way in which the microprocessor 12A distin- 
guishes an emergency call from a non-emergency call is to 
assume that the call being made is an emergency call solely 
in response to detection of actuation of the emergency speed 
dial key 14C. In such event, there is no need to make a 
comparison with other pre-stored emergency numbers that 
are unassociated with the pre-stored speed-dial numbers. 
Once the actuation of the emergency call speed dial key 14C 
is detected, the emergency call is automatically enabled 
regardless of the power being less than the emergency call 
reserve level conditional upon the power level remaining 
above the absolute depletion limit. 

Still referring to FIG. 2, it is seen that in accordance with 
the method of the invention, a plurality of call inhibit 
functions are made available that are pre-selectable for use 
alternatively and in combination. These non-emergency 
inhibit functions include provision of an emergency call 
reserve power warning and prevention of making of the 
non-emergency call by disabling the send call function. 
Preferably, a pre-stored voice message provides an expla- 
nation of the reason for warning. If a warning only mode is 
pre-selected, then the send call function is not disabled to 
prevent the making of the non-emergency call. Instead, the 
warning and explanation are relied upon to simply alert the 
user of the potential problem associated with continuation of 
a non-emergency call to enable an informed judgement. 
Preferably, the warning also includes an audible warning 
produced by the audio speaker circuit under control of the 
emergency call capability protector. If desired and able, the 
warning can allow the user to connect the phone to a external 
power supply and continue the call. 

In the case of the warning only mode pre-selection of the 
non-emergency send call function disablement mode, pref- 
erably a pre-selectable override mode is provided to enable 
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the user to override the non-emergency send call function 
disablement within a pre-selected time period after the 
disablement. Preferably, the special override key 14D is 
provided to perform this function. Alternatively, the override 

5 function can be obtained by manual selection of the override 
by actuation of the digits and symbols keys 14A. This 
override may be important if a call is important to the user 
but not a pre-approved number or emergency number. For 
example, the user may wish to take the risk of not having 

10 future emergency power to finish a conversation with an 
important client. 

Preferably, a single selection will not result in actuation of 
the override function. Instead, the initial selection of the 
override function results in a prompt for confirmation of the 

j5 override selection being provided to the user. The user 
confirms the prompt by repeating the steps performed to 
make the initial selection noted above. If confirmation of the 
override function is made within a pre-selected time period 
after the prompt is provided, then non-emergency send call 

20 function is again enabled, and the non-emergency call is 
made without further actuation of the send call function key 
14D. 

In addition to disabling the emergency call protected 
mobile telephone 10 from making new non-emergency calls 

25 when the precondition for such prevention has occurred, the 
emergency call capability protector preferably also includes 
a means for automatically terminating an ongoing non- 
emergency call. During the course of an ongoing call, the 
called number remains in temporary storage. Upon detection 

30 of the emergency call reserve power level precondition, a 
comparison is made of the call number to the at least one 
stored emergency number. If there is not a match, then in 
step 49, a non-emergency call termination process is initi- 
ated. Preferably, as seen in FIG. 2, this termination process 

35 includes generation of a pre-tennination warning prior to 
termination of the non-emergency call, preferably an audible 
warning is provided by energizing the audio speaker circuit 
28. 

As with the non-emergency call making inhibiting 
40 function, the automatic termination of the non-emergency 
call is subject to being overridden by action taken by the user 
within a pre-selected time period after commencement of the 
termination warning. The emergency call capability protec- 
tor program of FIG. 2 causes the microprocessor 12A to 
45 prompt for a confirmation of selection of the non-emergency 
call termination override function as shown in step 55. 
Confirmation is preferably by way of repetition of the 
actions taken to make the preliminary selection of the call 
termination override function. Confirmation of the non- 
50 emergency call override function within another pre- 
selected time period after the prompt results in actuation of 
the non-emergency call override function for the remaining 
course of the ongoing call. In either event of there not being 
an override initial selection within the time period after the 
55 termination warning or there not being a confirmation within 
the pre-selected time period after the prompt of a final 
warning, preferably a voice message in step 53 explains the 
cause of the automatic call termination to both the user and 
the called party at the called telephone. In the case of a 
60 multi-party call, a call can start off as a non-emergency call, 
and an additional emergency call can be established subse- 
quently and when the battery level depletes below the 
emergency power reserve level, the emergency call will 
remain connected while the non-emergency call(s) may be 
65 disconnected. Further, this function is not limited to calls. 
This system can discriminate emergency and non- 
emergency text messages, Unstructured Supplementary Ser- 
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vice Data, or any other information means for which emer- back-up battery 66 is connected in cascade through the 

geDcy and non-emergency criteria can be discriminated. transistor switch 73 controlled by the voltage developed 

Referring to FIG. 3, one embodiment of the battery power across the current sensing resistor of the previous back-up 

supply circuit 24 and the emergency call reserve power battery in the cascade of back-up batteries, if there are a 

detector 32 is shown in which the power supply has a 5 plurality of back-up batteries. If there is only one back-up 

primary, or main, battery 64 and a reserve, or back-up battery 66, then it is connected through a transistor switch 

battery 66 interconnected in parallel circuit through a diode TSN controlled by the current through the current sensing 

68. The emergency call reserve power detector monitors the resistor of the last main battery of the main battery cascade, 

voltage across the diode 68 to determine when the main main battery MBN as shown. Only the last back-up battery 

battery 64 has been depleted and power is being drawn from 10 66 m the ^nes is shown for purposes of simplicity, 

the back-up battery 66. Before depletion of the main battery The voltage that is developed across the current sensing 

64, the voltage at a positive terminal 70 connected to the resistor that is used to control one of the transistor switches 

anode of the diode 68 is not less than the voltage produced 73 that switches into the circuit a selected one of the 

at a positive terminal 72 of the back-up battery 66 attached plurality of back-up batteries is also applied to the inputs of 

to the cathode of the diode 68. Consequently, the diode 68 15 the emergency call reserve power detector 32. When the 

is not forward biased and no current flows through the diode. voltage developed across the current sensing resister 74 

Hence, there is no voltage drop across the diode 68 to be decreases to a level to turn on the associated transistor 

detected by the emergency call reserve power detector 32. switch 73, the use of reserve power is sensed by the 

However, when the main battery 64 becomes depleted, there emergency call reserve power detector 32. While the emer- 

is a decrease in the voltage across the main battery 64, and 2 o £ encv ca U reserve power detector 32 is shown connected to 

the diode 68 becomes forward biased to enable the passage the last back-up battery 66, alternatively the emergency call 

of current through the diode 68, and power begins to be reserve power detector 32 can be connected to an interme- 

drawn from the back-up battery. This creates a distinctive diate back-up battery 66. 

voltage drop across the forward biased diode 68 that is Preferably, the plurality of main batteries 64 are substan- 

detected by the emergency call reserve power detector 32 to 2 s tially the same and the additional back-up and the other 

indicate that the power level is beneath the reserve level. back-up batteries are substantially the same in terms of 

In accordance with the method of the invention, the maximum power storage, although not necessarily the same 

steering diode 68 functions as a sensor circuit within the as the main back-up batteries 66. Depending on the number 

power supply circuit 24 for determining when the main of batteries provided the user can select what percent the 

battery 64 has been depleted for purpose of switching the 30 emergency limit should be. For example, if the power supply 

power-using circuits to the back-up battery 66. The emer- contains five batteries, the user could select 20%, 40%, 60% 

gency call reserve power detector provides a suitable inter- or 80%. In this way, the more batteries that are provided, the 

face circuit between the steering diode 68 and the micro- more exact determination of power level can be determined, 

processor 12Ato provide the reserve power output signal in Referring now to FIG. 5A, in accordance with another 

an appropriate form compatible with the microprocessor 35 aspect of the invention, the emergency call reserve power 

12A. As explained above, the microprocessor 12A, in accor- detector 32 includes only a power capacity signal generator 

dance with the emergency call capability protector program that provides a signal representative of the fully charged 

of FIG. 2, responds to the emergency reserve power output total power capacity level, or the TPCL> of the battery power 

signal from the interface circuit provided by the emergency supply 24 to the microprocessor 12A. The microprocessor 

call reserve power detector 32 to selectively initiate the 40 12A in accordance with the subprogram of FIGS. 5B and 5C, 

non-emergency inhibit mode once the main battery has been automatically calculates the total consumption of power 

depleted. from the battery power supply circuit from the time the 

Referring to FIG. 4, another battery power supply circuit battery power supply circuit 24 is first releasably connected 
26 is shown for use in lieu of the two battery embodiment to the remainder of the mobile telephone 10, based on the 
of FIG. 3 in which there are a plurality of main batteries 64 45 known power consumption of the phone for the different 
respectively labeled MB1 through MBN, where "N" is a activities. The microprocessor 12A subtracts the total power 
natural number greater than two. Except for the first main consumption from the total power capacity level with which 
battery MB1 that is connected directly to the power supply it is initially provided by the reserve power detector, 
distribution bus 26, the main batteries are connected in Alternatively, the emergency call reserve power detector of 
parallel cascade through a series of respectively associated 50 FIG. 5 A is eliminated, and the total power capacity of the 
transistor switches 73 labeled TS2 through TSN that are battery power supply circuit 24 is assumed upon disconnec- 
controlled by a respectively associated plurality of substan- tion of an external power supply provided to the micropro- 
tially identical current sensing resistors 74. When a battery, cesser 12 A through keystroke entries during initial setup of 
connected in series with one of the current sensing resistors the emergency call capability protector. 
74 becomes depleted, the voltage across the associated 55 The battery power supply circuit 24 provides DC power 
current sensing resistor drops beneath a pre-selected level. to the power supply distribution bus 26 and also provides an 
This voltage decrease causes the associated transistor switch input to an initial total power capacity level, or TPCL, 
to which it is connected to switch to a conductive state to measurement circuit 32A of the emergency call reserve 
connect the next successive battery to the power supply power detector 32. The TPCL measurement circuit 32A 
distribution bus 26. At least one back-up battery 66 and 60 makes a measurement of the total power capacity level of the 
preferably a plurality of back-up batteries are connected in battery power supply 24 upon receipt of a measurement 
a parallel cascade substantially similar cascade except for control signal from a measurement control circuit 32B. Also 
the last back-up battery 66. The last back-up battery, labeled connected to the measurement control circuit 32B is an 
BBM, has no associated current sensing resistor and no external power supply disconnection detector 24A for pro- 
transistor switch controlled by a current sensing switch for 65 viding information on whether an external power supply has 
switching in the next successive backup battery because been removed from the system. A control signal causing the 
there is not another back-up battery in the series. The last taking of a power capacity measurement is generated in 
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response to detection of an external power supply being 
connected or disconnected. After this initial measurement is 
taken, the TPCL is provided to an input of the micropro- 
cessor 12A. 

FIG. 5B illustrates what the measurement control circuit 
32B accomplishes. The measurement control circuit 32B 
determines, based on the input from the external power 
supply disconnection detector 24A, when to order the mea- 
surement circuit 32A to perform a measurement of the 
power supply. 

After the start 76 of the method for computing the power 
used in association with the battery power supply circuit 24 
and the emergency call reserve power detector 32 of FIG. 
5A, in step 78 a determination is made as to whether an 
external power supply is disconnected. If "NO", then in step 
80 an order is made to the measurement circuit 32 A to take 
a measurement of external power supply power level. In step 
84 a continuous check is made to determine if external 
power supply is disconnected. If "YES", in step 78 then an 
order is made in step 82 to measurement circuit 32A to take 
a measurement of battery power level. This step is also 
accomplished if during the check in step 84 it is determined 
that the external power supply has been disconnected. After 
step 82, a continuous check is made in step 86 to determine 
if the external power supply becomes reconnected. If the 
external power supply is reconnected than a return is made 
to step 80 wherein an order is made to measurement circuit 
32A to take a measurement of external power supply level. 
If "NO" in step 86, then the query is continued. 

FIG. 5C describes the way in which the microprocessor 
determines and maintains the current power level. After 
starting in 200, the TPCL from 32A is stored as the current 
TPCL. The power level is then set to be the current TPCL. 
In step 206 the usage activity and the time of said activity is 
measured and in step 208 a determination is made if the 
TPCL from 32A equals the current TPCL. If no (e.g., the 
external power supply was disconnected), then return to step 
202 and store TPCL as current TPCL. If yes, in step 208 and 
hence the TPCL from 32A does equal current TPCL then a 
determination is made in step 210 if the usage activity has 
changed. If yes, then in step 216 the program reduces the 
power level by the calculated power consumption and a 
return to step 206 is accomplished. If no in step 210 then in 
step 212 a determination is made if the measured time 
interval has expired. If no in step 212 then a return to step 
208 is made. If yes in step 212 then program reduces the 
power level by calculated power consumption in step 214 
and a return to step 208 is made. 

Turning now to FIG. 6, another embodiment of the battery 
power supply circuit 24 is shown in which a comparator 108 
provides to the microprocessor 12A a signal representative 
of the difference between the actual power capacity of a 
batteries circuit 24A and a signal representative of the 
pre-selected emergency call reserve power level provided by 
an emergency call reserve power level circuit 106. The 
signal representative of the actual power that is provided to 
the comparator 108 is a differential amplifier 110 that 
generates a signal proportional to the difference between a 
signal from a monitoring circuit generating a signal repre- 
sentative of the total power capacity measured by the 
monitor and battery depletion detector 22 and a signal from 
the tap of a potentiometer 112 that is connected across the 
batteries circuit 24A. The potentiometer 112 also has an 
input from measurement control circuit 114 to ensure gen- 
eration of a signal by the potentiometer 112 that has a 
sufficient magnitude to prevent inhibiting non-emergency 
calls whenever the battery power supply is not connected or 
whenever the external power supply is connected. 



Still referring to FIG. 6, in accordance with the method of 
the invention, in this embodiment of the emergency call 
reserve power detector 32, used with a battery power supply 
circuit 24 employing only a single battery, the reserve power 

5 detector 32 includes a monitoring circuit for monitoring the 
total consumption of power from the single battery in order 
to determine the power level remaining. A detector circuit 
responds to the determination by the monitoring circuit of 
the total consumption of power to detect when the remaining 

10 power has decreased beneath the emergency call reserve 
level. The detector circuit employs a differential amplifier 
for subtracting the total consumption of power as indicated 
by the monitoring circuit 111 from the maximum power 
containable by the main battery power supply as represented 
by the output of the potentiometer 112 in order to detect 

15 decrease of the single battery beneath the emergency call 
reserve level. The potentiometer 112 thus stores a represen- 
tation of the power of the main battery power supply after 
being fully charged, and the differential amplifier functions 
to subtract the total consumption of power from said repre- 

20 sentation of full power. The power remaining is represented 
by the magnitude of the resultant output signal of the 
differential amplifier. This remaining power level signal is 
compared to a stored representation of the emergency call 
reserve power level by a comparator 108 to determine when 

2S the single battery has decreased beneath the emergency call 
reserve power level. 

When the decrease beneath the emergency call reserve 
power level is detected, the comparator 108 provides a 
signal to the microprocessor 12A indicating this event to 

30 place it in the inhibit mode. Preferably, the monitoring 
means circuit 111 is contained within a common battery 
supply housing and together with the single battery 24A 
form a composite battery pack with a built-in reserve power 
level indicator output. 

35 Although a preferred embodiment of the method and 
apparatus of the present invention has been illustrated in the 
accompanying drawings and described in the foregoing 
detailed description, it will be understood that the invention 
is not limited to the embodiment disclosed, but is capable of 
numerous rearrangements, modifications and substitutions 
without departing from the spirit of the invention asset forth 
and defined by the following claims. 
What is claimed is: 

1. A reserve power system for any battery operated mobile 
45 telephone, comprising: 

a means for specifying a reserve power level that is 
greater than an absolute minimum limit power level for 
making an outgoing emergency call connection; 

a register for storing a particular user defined emergency 
50 number; 

a means for detecting when the power level of said reserve 
power system decreases beneath said specified power 
level; and 

means responsive to the detecting means for inhibiting the 
55 operation of said mobile telephone for normal 
operation, but allowing for the operation of said mobile 
telephone for making an outgoing call connection 
request towards said emergency number. 

2. The reserve power system for any battery operated 
60 device of claim 1, further comprising a means for detecting 

the connection of an external power supply and a means 
responsive to said means for detecting said external power 
supply for returning said battery operated device to normal 
operation. 

65 3. The reserve power system of claim 1, further compris- 
ing a means responsive to the detecting means for terminat- 
ing any ongoing non-emergency call. 
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4. The reserve power system of claim 1, further compris- 
ing a means responsive to said detecting means for gener- 
ating a pre-termination warning. 

5. The reserve power system of claim 1, further compris- 
ing a means for selectively overriding said inhibiting means. 

6. The reserve power system of claim 5, wherein said 
selectively overriding means comprises: 

a means for preliminarily selecting an override function; 
a means responsive to said preliminarily selecting said 

override function to provide a prompt for confirmation 

of said override function selection; 
a means for confirming said override function selection; 

and 

a means responsive to said confirming said override 
function selection to actuate said override function to 
override said inhibiting means. 

7. The reserve power system of claim 1, further compris- 
ing a means for providing a warning only without termina- 
tion when said battery power level decreases beneath said 
specified reserve power level during an ongoing non- 
emergency call. 

8. The reserve power system of claim 1, wherein said 
battery power supply includes: 

a main battery power supply having at least one main 
battery; 

an emergency back-up power supply having at least one 
back-up battery; 

a means for controlling use of said battery power supply 
to switch at least some power using circuits of the 
reserve power system to draw power from said emer- 
gency back-up battery supply after said main battery 
power supply has been depleted beneath a preselected 
depletion level; and 

a power level detecting means responsive to the power 
controlling means for sensing when said circuits have 
been switched to the back-up battery supply for actu- 
ating the non-emergency call inhibiting means. 

9. The reserve power system of claim 8, further compris- 
ing: 

a microcomputer for controlling substantially all reserve 
power system activities; 

a sensing means which comprises a steering diode circuit 
for determining when said main battery has been 
depleted for purpose of switching all power consuming 
circuits to the back-up battery; 

an interface circuit between said steering diode circuit and 
said microprocessor; and 

a sensing subprogram stored within said microcomputer 
to actuate said inhibiting means in response to a deter- 
mination that the main battery has been depleted. 

10. The reserve power system of claim 1, wherein said 
detecting means includes a means for monitoring the total 
consumption of power from said battery power supply in 
order to detect when said power level remaining decreases 
beneath said emergency call reserve level. 

U. The reserve power system of claim 10, wherein said 
detecting means includes a means responsive to said moni- 
toring means for subtracting the total consumption of power 
from said main battery power supply from a maximum 
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power storage capacity by said main battery power supply in 
order to detect a decrease of the main power supply beneath 
the emergency call reserve level. 

12. The reserve power system of claim 1, further com- 
prising: 

a means for making an emergency call automatically in 
response to actuation of a special emergency call 
function, and wherein said detecting means further 
comprises a means for sensing actuation of the emer- 
gency call function to provide an emergency call indi- 
cation to the detecting means. 

13. A mobile telephone with a reserve power system, 
comprising: 

a battery power supply; 

a processor for making outgoing call connections and 
receiving incoming call connections; 

a register for storing a value indicative of threshold power 
level associated with said battery power supply for 
making an emergency outgoing call connection for a 
particular period of time; 

a second register for storing a particular user-defined 
emergency number, 

a determiner for determining whether said battery power 
supply is below said threshold power level; and 

wherein said processor prohibiting all incoming and out- 
going call connections other than making an emergency 
outgoing call connection towards said user defined 
emergency number stored within said second register in 
response to said determination by said determiner. 

14. The mobile telephone of claim 13, wherein said 
processor further disconnects any ongoing non-emergency 
call connection in response to said determination. 

15. The mobile telephone of claim 13, further comprising 
a means for selectively overriding said processor from 
prohibiting said all incoming and outgoing call connections. 

16. A method for protecting emergency call capability for 
emergency use of a mobile telephone having a battery power 
supply with a total power level that declines during 
operation, comprising the steps of: 

specifying a minimum threshold value for said battery 
power supply; 

storing a user defined emergency number; 

receiving a request to originate an outgoing call connec- 
tion towards a particular number; 

originating said outgoing call connection while said 
power level is above said specified threshold value; 

determining that said power level has decreased beneath 
said specified threshold value; and 

determining whether said particular number associated 
with said outgoing call connection request matches said 
stored user defined emergency number, 

in response to said determination that said particular 
number matches said stored user defined emergency 
number, originating said outgoing call connection; 

otherwise; 

denying said outgoing call connection request. 
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